J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



iiiiiiiiiiiinin 

© Publication number: 0 621 072 A2 



EUROPEAN PATENT APPLICATION 



(21) Annliratinn numhiAr" Q410fi140 0 

V^_^/ /'•[-' I ^C* 1 1^1 1 1 IUI 1 1 UCI . 9^ 1 \MW 1 IWiU 


int ris B01D 61/48 R01 J 47/1 9 


(22) HatP nf filinrr 5fi fid Q4 
V3/ u/ctit; lm unity. tu.v-r.cJ** 


UU/ir i/4by 




(§) Priority: 21.04.93 JP 116581/93 


© Applicant: NIPPON RENSUI CO. 


© Date of publication of application: 


2*3, Marunouchi 3-chome 


Chlyoda-ku, Tokyo (JP) 


26.10.94 Bulletin 94/43 


Applicant: NITIVY CO. LTD. 




1-2, Kyobashi 3-chome, 


© Designated Contracting States: 


Chuo-ku 


CH DE FR GB LI NL 


Tokyo (JP) 




@ Inventor: Uchino, Hajime 




507-3, Ichigao-cho, 




Midori-ku 




Yokohama-shi, Kanagawa-ken (JP) 




Inventor: Tajima, Motohiko 




9-3, Asahi-cho 




Sagamihara-shi, Kanagawa-ken (JP) 




Inventor: Horie, Hiroshi 




7-21-5, Takanedai 




Funabashi-shi, Chiba-ken (JP) 




© Representative: Hansen, Bernd, Dr. 




Dipl.-Chem. et al 




Hoffmann, Eitle & Partner, 




Patentanwalte, 




Arabellastrasse 4 




D-81925 Munchen (DE) 



© Demineralization apparatus and cloth for packing diluting chamber of the demineralization 
apparatus. 



CM 

o 



CM 
CO 



Q. 
LLI 



© Disclosed is a demineralization apparatus comprising: 

an anode chamber disposed at one end of a vessel having an anode at the inside of the anode chamber; 

a cathode chamber disposed at the other end of the vessel having a cathode at the inside of the cathode 
chamber: and 

at least one diluting chamber and at least one concentrating chamber, disposed alternately between the 

anode chamber and the cathode chamber, 

the diluting chamber having an anion exchange membrane on the node chamber side and a cation 

exchange membrane on the cathode chamber side, 

the diluting chamber having an inlet for water to be treated and an outlet for demineralized water, 

the concentrating chamber having an inlet for water and an outlet for ion-concentrated water, 

the diluting chamber containing a cloth comprising a mixture of strongly acidic cation exchange fibers, 

strongly basic anion exchange fibers and ionically inactive synthetic fibers. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a demineralization apparatus and a cloth for packing a diluting chamber 
of the demineralization apparatus. Particularly, it relates to an improvement in a demineralization apparatus 

5 utilizing electrodialysis action. 

As a method of producing demineralized water, an ion exchange resin method which comprises passing 
water to be treated through an ion exchange resin-packed bed, regenerating a deteriorated ion exchange 
resin with an acid or alkali regenerant and then using the regenerated resin repeatingly has been used 
generally. However, the method has a drawback in that a regeneration process for the ion exchange resin 

10 by using regenerant like hydrochloric acid or caustic soda is troublesome and, in addition, a great amount 
of alkaline and acidic waste water is discharged. Accordingly, a process for producing demineralized water 
without using the regenerant has been demanded. 

For such a demand, a demineralization method comprising an ion exchange resin and an ion exchange 
membrane in combination has been proposed in recent years. Based on the fact that water-containing ion 

75 exchange resins are good electric conductors, an electrodialysis action using anion and cation exchange 
membranes as diaphragms is utilized in this method. In this method, ion exchange resins as a filler are 
filled or packed in a diluting chamber of an electrodialysis unit defined with an anion exchange membrane 
and a cation exchange membrane, and water to be treated flows through the diluting chamber under 
application of a voltage, and the treated water is obtained as demineralized water. 

20 During processing of this method, impurity ions in water to be treated is subjected to ion exchange by 

the ion exchange resin, impurity ions captured by the ion exchange resin are eluted by supply of electric 
current, the eluted impurity ions are separated by the ion exchange membranes. Demineralized water is 
produced while conducting ion exchange by the ion exchange resin and regeneration thereof simulta- 
neously. 

25 In this way, according to a so-called electrodemineralization method of producing demineralised water 

by using the ion exchange membrane and the granular ion exchange resin as the filler, it requires neither 
the regeneration operation for the granular ion exchange resin nor use of regenerant of acid or alkali for 
regeneration. Therefore, it can be considered as an advantageous method. 

However, the apparatus used for the known eiectrodemineralisation method described above has a 

30 drawback that there is a risk that the granular anion ion exchange resin and the granular cation ion 
exchange resin in a mixed state would separate (granular anion and cation exchange resins homogeneously 
dispersed and mixed are made into an inhomogeneous dispersed state due to the difference in the specific 
gravity between both of the resins), upon change of flow rate of water to be treated, or upon operation of 
discharging suspended materials accumulated in the diluting chamber out of the system. If the separation of 

35 the mixed granular ion exchange resins occurs, demineralized water of stable quality can no more be 
obtained. 

In view of the above, there is proposed in Japanese Patent Publication (KOKOKU) No. 4-72567 (1992), 
a means for finely dividing a diluting chamber (deionization chamber) into a specific size to prevent the 
separation of the mixed granular ion exchange resins caused by fluidization of the mixed granular ion 
40 exchange resins, so that there is a disadvantage of complicating the apparatus and making the maintenance 
and administration troublesome. 

As a result of studies made by the present inventors, it has been found that troublesome maintenance 
operation can be made unnecessary and demineralized water having excellent quality can be obtained 
stably, by using as ion exchangers in the dilution chamber, a mixture of strongly acidic cation exchange 
45 fibers, strongly basic anion exchange fibers and ionically inactive synthetic fibers in the form of cloth. This 
present invention has been accomplished based on the finding. 

SUMMARY OF THE INVENTION 

50 It is an object of the present invention to provide an apparatus capable of improving the quality of 
demineralized water and eliminating the complexity of the maintenance operation as compared with a 
known system in which the granular ion exchange resin is packed in the diluting chamber in the 
electrodemineralization apparatus described above. 

in a first aspect of the present invention, there is provided a demineralization apparatus comprising: 

55 an anode chamber disposed at one end of a vessel having an anode at the inside of the anode 
chamber; 

a cathode chamber disposed at the other end of the vessel having a cathode at the inside of the 
cathode chamber; and 
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at least one diluting chamber and at least one concentrating chamber, disposed alternately between the 
anode chamber and the cathode chamber, 

the diluting chamber having an anion exchange membrane on the anode chamber side and a cation 
exchange membrane on the cathode chamber side, 
5 the diluting chamber having an inlet for water to be treated and an outlet for demineralized water, 

the concentrating chamber having an inlet for water and an outlet for ion-concentrated water, 

the diluting chamber containing a cloth comprising a mixture of strongly acidic cation exchange fibers, 
strongly basic anion exchange fibers and ionically inactive synthetic fibers. 

In a second aspect of the present invention, there is provided a cloth for packing in a diluting chamber 
w of a demineralization apparatus, comprising a mixture of strongly acidic cation exchange fibers, strongly 
basic anion exchange fibers and ionically inactive synthetic fibers, the amount of the ionically inactive 
synthetic fibers in the mixture being 20 to 70% by weight. 

BRIEF EXPLANATION OF THE DRAWINGS 

75 

Fig. 1 is a schematic front elevational view in vertical cross section for one embodiment of the 
apparatus according to the present invention. 

Fig. 2 is a graph showing a relation between change of an amount of the ionically inactive synthetic 
fibers and change of resistivity of the resultant treated water in Example 1. 
20 Fig. 3 is a graph showing a relation between change of a thickness of a diluting chamber and change of 

resistivity of the resultant treated water in Example 2. 

Fig. 4 is a graph showing a relation between change of electroconductivity of water to be treated and 
change of resistivity of the resultant treated water in Example 3 and Comparative examples 1 and 2. 

25 DETAILED DESCRIPTION OF THE INVENTION 

In the demineralization apparatus, to form at least one diluting chamber and at least one concentrating 
chamber, suitable numbers of the cation exchange membrane and the anion exchange membrane are 
disposed alternately between the anode and the cathode. A chamber defined with an anion exchange 

30 membrane disposed on the anode chamber side and a cation exchange membrane disposed on the 
cathode chamber side is a diluting chamber. A chamber defined with a cation exchange membrane 
disposed on the anode chamber side and an anion exchange membrane disposed on the cathode chamber 
side and disposed adjacently to the diluting chamber is the concentrating chamber. 

The diluting chamber has an inlet for water to be treated and an outlet for demineralized water. The 

35 concentrating chamber has an inlet for water and an outlet for ion-concentrated water. 

Preferably, the demineralization apparatus comprises at least two diluting chambers are disposed 
between the anode chamber and the cathode chamber, and the concentrating chamber is formed between 
each of the diluting chambers. 

Description will be made to a preferred embodiment of the apparatus according to the present invention 

40 with reference to Fig. 1. Fig. 1 is a schematic front elevational view in vertical cross section of the 
apparatus, in which a vessel 1, an anode plate 2, an anode chamber 3, a cathode plate 4, a cathode 
chamber 5, an anion exchange membrane 61, and a cation exchange membrane 71 are shown. A diluting 
chamber 81 is formed between the anion exchange membrane 61 and the cation exchange membrane 71. 
In the same way, a second diluting chamber 82 is formed between an anion exchange membrane 62 and a 

45 cation exchange membrane 72. In this way, the anion exchange membranes and cation exchange 
membranes are arranged alternately to form five diluting chambers in the embodiment shown in Fig. 1. A 
cloth 101 comprising a mixture of strongly acidic cation exchange fibers, strongly basic anion exchange 
fibers and ionically inactive synthetic fibers are filled or packed in each of the five diluting chambers. 
Further, a chamber 91 formed between the cation exchange membrane 71 and the anion exchange 

50 membrane 62 constitute the concentrating chamber. Similarly, a chamber 92 formed between the cation 
exchange membrane 72 and the anion exchange membrane 63 constitute the concentrating chamber. In 
this way, four concentrating chambers are formed in the apparatus shown in Fig. 1. 

The anode chamber 3 and the cathode chamber 5 are respectively charged with suitable electrolytic 
solutions so as to provide electroconductivity. Since the concentration of the electrolyte solution is gradually 

55 lowered during electric current supply, it is preferred to maintain the concentration always at a predeter- 
mined level. For this purpose, it is preferred to recycle a portion of ion-concentrated water discharged from 
the concentrating chambers. The electrolyte solution is introduced through an electrolyte solution entrance 
pipe 111 to the anode chamber 3 and discharged through an electrolyte solution exit pipe 112 therefrom. In 
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the same manner, the electrolyte solution is introduced through an electrolyte entrance pipe 113 and 
discharged through an electrolyte solution exit pipe 114 as to the cathode chamber 5. 

Further, water to be treated (water to be demineralized) is supplied in parallel to five diluting chambers 
through an entrance pipe 121 and treated water (demineralized water) is discharged from an exit pipe 112. 
5 Water (usually, the same as water to be treated) is supplied through an entrance pipe 131 to the four 
concentrating chambers and water of increased ionic concentration is discharged from an exit pipe 132. 

When a DC current (usually at 20 to 60 mA/dm 2 ) is applied between the anode plate 2 and the cathode 
plate 4, impurity ions in water to be treated are removed by the anion and cation exchange fibers contained 
in the cloth 101 in the diluting chambers to provide demineralized water. The impurity ions captured in the 
10 ion exchange fibers are electrically dialyzed by the anion and cation exchange membranes, transferred to 
the concentrating chambers and then discharged as ion concentrated water from the exit pipe 132. 

The ratio of the amount of water to be treated supplied to the diluting chamber and the concentrating 
chamber depends on the composition of water to be treated and it is treated usually within a range of 1:1 to 
5:1. 

T5 The supplying conditions to the apparatus are selected depending on the water quality desired, 

economics and composition of the water to be treated. 

For the basic structure of the demineralization apparatus according to the present invention, any of 

known electrodialysis units of a structure in which cation exchange membranes and anion exchange 

membranes are disposed alternately between electrodes of the anode and the cathode can be used with no 
20 particular restriction. For instance, a filter press-type or unit cell-type electrodialysis unit having a structure 

in which cation exchange membranes and anion exchange membranes are arranged alternately each by 

way of chamber frames between the anode and the cathode and diluting chambers and concentrating 

chambers are formed with both of the ion exchange membranes and the chamber frames are used. 

According to the present invention, a mixture of strongly acidic cation exchange fibers and strongly 
25 basic anion exchange fibers and further ionically inactive synthetic fibers, which is in the form of cloth, is 

packed in a diluting chamber. 

The anion and cation exchange fibers usable herein can include fibers of a polymer of polystyrenes, 

polyphenols, polyvinyl alcohols, polyacrylates, polyethylenes and polyamides having cation exchange 

groups and anion exchange groups respectively. 
30 A typical example of the cation exchange group is sulfonic group. A typical example of the anion 

exchange group is trimethyl ammonium group. 

The cation exchange groups on the strongly acidic cation exchange fibers have pKa of usually less than 

1 .0. The anion exchange groups on the strongly basic anion exchange fibers have pKb of usually more than 

13. 

35 The ion exchange fibers are commercially available. 

The cation and anion ion exchange fibers may be in regenerated forms (H form and OH form) or salt 
forms. 

As the ionically inactive synthetic fibers to be mixed with the anion and cation exchange fibers, 
synthetic fibers having no ion exchange groups (usually not more than 0.1 meq/g) can be used with no 
40 particular restriction otherwise. Typically, synthetic fibers made of polyester, polyolefin, polyamide or the 
like can be mentioned. 

A form of the cloth comprising the mixture of the ion exchange fibers and the ionically inactive synthetic 
fibers can includes felts, non-woven fabrics, paper, knitted and braided products. Based on the weight per 
unit area, the cloth is evaluated. 

45 The strongly acidic cation exchange fibers and the strongly basic anion exchange fibers are used 
usually at a ratio such that the ion exchange capacities are substantially equal to each other (usually 48/52 - 
52/48, preferably 49/51 - 51/49), to which the ionically inactive synthetic fibers are added to form the cloth 
for packing the diluting chamber. If the ionically inactive synthetic fibers are used alone, since the ion 
exchange fibers are not present at all, demineralized water quality obtainable is as poor as that in usual 

so electrodialysis. 

On the other hand, if the ionically inactive synthetic fibers are not mixed at all, hindrance of ion 
transportation would occur, which is considered to be attributable to the formation of contact between the 
anion and cation exchange fibers to each other as explained below, failing to obtain good demineralized 
water quality. Therefore, an appropriate content of ionically inactive synthetic fibers is required. 
55 The content of the ionically inactive synthetic fibers in the mixture of the anion and cation exchange 
fibers and ionically inactive synthetic fibers is preferably from 20 to 70% by weight and, particularly 
preferably from 30 to 60% by weight based on the entire weight. Within the above-mentioned range, 
impurities ions in water to be treated can be captured more rapidly and transported to the outside of the ion 
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exchange membranes more rapidly. 

The thickness of the cloth, while different depending on the apparent density, is usually made greater 
by 10 to 60% than the thickness of the diluting chamber and to such an extent as capable of close packing 
into the diluting chamber. The thickness of the diluting chamber is usually 1 to 5 mm. Plural of the cloth 
5 may be used with stacking. 

There are no particular restriction on the diameter and the length of the strongly acidic cation exchange 
fibers, the strongly basic anion exchange fibers and the ionically inactive synthetic fibers so far as they can 
be made into cloth, but usually the diameter is from 5 to 50 urn and the aspect ratio (length/diameter) is 
from 100 to 250. 

10 As has been described above, the present invention is mainly characterized by packing the cloth 
comprising a mixture of the anion and cation exchange fibers and ionically inactive synthetic fibers in the 
diluting chambers and utilizing the electrodialysis action to produce demineralized water. This is more 
advantageous in view of operation and, in addition, can provide demineralized water at higher purity as 
compared with a case of producing demineralized water under the same operational conditions while 

75 packing a mixture of granular strongly acidic ion exchange resin and strongly basic ion exchange resin in 
the diluting chambers. 

More specifically, when the granular ion exchange resins are packed in the diluting chambers, it 
requires an extremely complicate operation to pack the granular ion exchange resins at a uniform thickness, 
in a homogeneously dispersed and mixed state of the granular cation exchange resin and the granular 

20 anion exchange resin and in a inseparable manner. On the contrary, in a case of packing the cloth as a 
mixture of the ion exchange fibers and the ionically inactive synthetic fibers, they can be packed in the 
diluting chamber by an extremely simple and convenient operation while keeping the thickness substantially 
uniform and with no possibility of separation between the cation exchange fibers and the anion exchange 
fibers to cause an inhomogeneous mixed state. 

25 Further, in a case of the granular ion exchange resin, even during passage of water to be treated in the 

diluting chamber, there is a possibility of separation between the granular cation exchange resin and the 
granular anion exchange resin to result in an inhomogeneous dispersed and mixed state, which may lead to 
deterioration of the quality of demineralized water. Therefore, this makes it impossible to adopt an upward 
stream for the water passing direction to the diluting chamber. However, use of the cloth comprising the 

30 mixture of the ion exchange fibers and the ionically inactive synthetic fibers as in the present invention can 
adopt the upward stream for the water passing direction, which can prevent instability of the quality of 
demineralized water due to localized stream of water to be treated which tends to occur in the case of a 
downward stream. 

Further, in the apparatus according to the present invention, demineralized water at higher purity can be 
35 obtained as compared with the case of using the granular anion and cation ion exchange resins. Although 
the reason is not apparent, it may be considered as below. In the case of the granular ion exchange resins, 
if the captured impurity ions are cations for instance, the impurity ions transport along the surface of the 
cation exchange resin particles adjacent to each other by the application of a voltage and transfer toward a 
negative potential. If the captured tons are anions, the impurity ions transport along the surface of the anion 
40 exchange resin particles adjacent with each other and transfer toward the positive potential for regeneration. 
However, if the cation exchange resin particle is in adjacent with the anion exchange resin, ion transfer is 
interfered and hindered due to difference of ion exchange resins and the regenerating efficiency is 
worsened. 

On the other hand, in a case of using the ion exchange fibers as in the apparatus according to the 
45 present invention, the impurity ions once captured transport along the surface of one cation exchange fiber 
and transfer toward the negative potential, if the ions are cations. The captured impurity ions, if they are 
anions, transport along the surface of one anion exchange fiber and transfer toward the positive potential for 
regeneration. Different from the case of using the granular ion exchange resins, since the ion exchange fiber 
is continuous as a single fiber, the regenerating efficiency is higher and demineralized water at higher purity 
50 can be obtained. 

Since the ion exchange fibers comprise single continuous fibers, ions can easily transport on the 
surface. However, if a cation exchange fiber and an anion exchange fiber are in contact to each other to 
have a point of contact, transfer of the cations and anions is hindered at the point of contact. Then, the 
ionically inactive synthetic fibers are mixed to reduce the point of contacts between the anion and cation 
55 exchange fibers to each other, so that the ions transfer more rapidly, to further improve the regenerating 
efficiency and provide demineralized water at higher purity. In addition, incorporation of the ionically inactive 
synthetic fibers can reinforce the strength of the entire cloth. 
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EXAMPLES 

Description will be made to examples of producing demineralized water using the apparatus according 
to the present invention. 

5 

Example 1 

Demineralized water was produced while variously changing the ratio of the ionically inactive synthetic 
fibers in a mixture comprising the strongly acidic cation exchange fibers, the strongly basic anion exchange 

10 fibers and the ionically inactive synthetic fibers in the cloth to be packed in the diluting chamber. 

As the strongly acidic cation exchange fibers, fibers prepared by dispersing homogeneously a sulfonic 
compound of styrene and divinylbenzene into matrix of polyvinyl alcohol and dry spinning (IEF-SC (trade 
name), NITIVI Co., Ltd.) was used. As the strongly basic anion exchange fibers, fibers prepared by adding 
polymethyl ammonium groups to a main skeleton of polyvinyl alcohol (IEF-SA (trade name), NITIVI Co., 

75 Ltd.) was used. Both of the ion exchange fibers are mixed each in an identical ion exchange capacity, to 
which polyester fibers were added at various ratios as the ionically inactive synthetic fibers into a mixed 
state and then fabricated into a nonwoven fabric for use. 

The apparatus used had a structure as shown in Fig. 1 except that the apparatus comprised three 
diluting chambers and two concentrating chambers. 

20 Each of the diluting chambers was 390 mm in length, 130 mm in width and 1 mm in thickness, in which 
the nonwaven fabric (cloth) were contained (10 g/camber). Each of the concentrating chambers was 390 
mm in length, 130 mm in width and 2 mm in thickness, in which nothing was packed. 

The anion exchange membrane used was SELEMION® AMD (Asahi Glass Co., Ltd.) having 390 mm in 
length and 130 mm in width. The cation exchange membrane used was SELEMION® CMD (Asahi Glass 

25 Co., Ltd.) having 390 mm in length and 130 mm in width. 

Water to be treated in this case was prepared by dissolving a mixture of 20% by weight of sodium 
chloride and 80% by weight of sodium hydrogen carbonate into purified water, and contained salts of 10 
ppm as calcium carbonate. The salt-containing water was passed through at a flow rate of 20 l/hr through 
the diluting chambers and both of the electrode chambers. Salt-containing water of an identical composition 

30 was also passed at the same flow rate to the concentrating chambers. 

At the same time with the water passage, a DC current kept at 200 mA was applied through the 
electrode plates in both of the electrodes chambers and the electroconductivity of treated water from the 
diluting chambers was measured. Results are shown in Fig. 2. The graph shows the resistivity of treated 
water (reciprocal of the electroconductivity) (on the ordinate) while changing the ratio of the ionically inactive 

35 synthetic fibers in the cloth packed in the diluting chamber (on the abscissa). It can be seen from the 
results that the mixing ratio of the ionically inactive synthetic fibers is preferably within a range from 20 to 
70% by weight and, particularly preferably, within a range from 30 to 60% by weight. 

Example 2 

40 

A water passage test was carried out by using the same demtneralization apparatus as in Example 1 , 
except for changing the thickness of the diluting chamber within a range from 0.3 to 5 mm. Conditions were 
identical with those in Example 1 except that the content of the ionically inactive synthetic fibers in the cloth 
was at 50% by weight. The results are shown in Fig. 3. As can be seen from the results, lowering of the 
45 resistivity of treated water was observed when the thickness of the diluting chamber exceeded 2 mm. 

Example 3 and Comparative Examples 1 and 2 

Water passage test was carried out using the same demineralization apparatus as that in Example 1. In 
so the comparative examples, water treatment was conducted under the same conditions except for packing 
the granular ion exchange resins instead of the cloth in the diluting chamber. Namely, in Comparative 
Example 1, a granular strongly acidic cation ion exchange resin (DIAION® PK112, Mitsubishi Kasei 
Corporation) and a granular strongly basic anion ion exchange resin (DIAION® SA10A, Mitsubishi Kasei 
Corporation) (I type) mixed each in an equivalent amount were packed (35 g/chamber). In Comparative 
55 Example 2, a granular strongly acidic cation ion exchange resin (DIAION® PK112, Mitsubishi Kasei 
Corporation) and a granular strongly basic anion ion exchange resin (DIAION® SA20A, Mitsubishi Kasei 
Corporation) (II type) mixed each in an equivalent amount were packed (35 g/chamber) . On the other hand, 
in the example of the present invention, the cloth as described in Example 1 (ionically inactive synthetic 
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fiber content of 50% by weight) were packed in the diluting chamber. 

Using water to be treated of different electroconductivity (uS/cm) as shown in Fig. 4 (on the abscissa) 
and treated under the same conditions as those in Example 1, to measure the resistivity of the treated 
water. The results are shown in Fig. 4. In the figure, a curve obtained by plotting double circles shows 
Example 3, a curve obtained by plotting trigonal marks shows Comparative Example 1 and a curve obtained 
by plotting a single circle shows Comparative Example 2. As is clear from Fig. 4, as compared with 
Comparative Examples 1 and 2 in which the granular ion exchange resins were packed in the diluting 
chambers, the example of the present invention in which the cloth comprising a mixture of the ion exchange 
fibers and the ionically inactive synthetic fibers can provide treated water of higher resistivity, that is, higher 
purity even in a case where the electroconductivity is rather high and ionic amount is rather great in the 
treated water. 

Example 4 

A water to be treated passage test was carried out by using the same demineralization apparatus as 
that in Example 1. The content of the ionically inactive fibers in the cloth was 50% by weight. The 
conditions adopted were identical with those in Example 1 except for using two types of water passing 
directions, that is, using upward stream for the water passing directions both in the diluting chambers and 
the concentrating chambers (In Fig. t, water is passed from the entrance tube 121 for water to be treated to 
the diluting chambers in the direction of arrows and water is passed from the entrance tube 131 to the 
concentrating chambers in the direction of arrows, in which the water passing direction was made identical. 
This is referred to as first water passing case.) and using downward stream, contrary to the case of the first 
water passing to the diluting chamber and passing water in the upward stream in the same manner as in 
the first water passing to the concentrating chambers (referred to as second water passing case). 

The resistivity of the resulted treated water was measured and the results are shown in Table 1. 



Table 1 





Diluting chamber 


Concentrating chamber 


Resistivity of treated 
water (Mfl»cm) 


First water passing case 


Upward stream 


Upward stream 


18.2 


Second water passing case 


Downward stream 


Upward stream 


18.2 



That is, there was no difference in the resistivity of the treated water between the case where water was 
passed in the upward stream and the downward stream to the diluting chambers and treated water at high 
purity could be obtained. 

Claims 



1. A demineralization apparatus comprising: 

an anode chamber disposed at one end of a vessel having an anode at the inside of the anode 
chamber; 

a cathode chamber disposed at the other end of the vessel having a cathode at the inside of the 
cathode chamber; and 

at least one diluting chamber and at least one concentrating chamber, disposed alternately 

between the anode chamber and the cathode chamber, 

the diluting chamber having an anion exchange membrane on the anode chamber side and a 

cation exchange membrane on the cathode chamber side, 

the diluting chamber having an inlet for water to be treated and an outlet for demineralized water, 

the concentrating chamber having an inlet for water and an outlet for ion-concentrated water, 

the diluting chamber containing a cloth comprising a mixture of strongly acidic cation exchange 

fibers, strongly basic anion exchange fibers and ionically inactive synthetic fibers. 

2. A demineralization apparatus according to claim 1 , wherein: 

at least two diluting chambers are disposed between the anode chamber and the cathode chamber, 
an anion exchange membrane is disposed on the anode chamber side of each of the diluting chamber, 

7 



0621072A2J_> 



EP 0 621 072 A2 



a cation exchange membrane is disposed on the cathode chamber side of each of the diluting 
chamber, and 

the concentrating chamber is defined between each of the diluting chambers. 

5 3. A demineralization apparatus according to claims 1, or 2, wherein an amount of the ionically inactive 
synthetic fibers in the mixture is from 20 to 70% by weight. 

4. A demineralization apparatus according to claims 1, 2, or 3, wherein amounts of the strongly acidic 
cation exchange fibers and strongly basic anion exchange fibers are substantially equal based on ion 

io exchange capacity. 

5. A demineralization apparatus according to any of the preceding claims wherein each of the anode 
chamber and the cathode chamber has an inlet and an outlet for an electrolyte solution. 

75 6. A cloth for packing in a diluting chamber of a demineralization apparatus, comprising a mixture of 
strongly acidic cation exchange fibers, strongly basic anion exchange fibers and ionically inactive 
synthetic fibers, the amount of the ionically inactive synthetic fibers in the mixture being 20 to 70% by 
weight. 

20 7. A cloth according to claim 6, wherein amounts of the strongly acidic cation exchange fibers and the 
strongly basic anion exchange fibers are substantially equal based on ion exchange capacity. 

8. A cloth according to claims 6 or 7 wherein the ionically inactive synthetic fibers comprise polyester, 
polyolefin or polyamide. 



25 



30 



35 



40 



45 



50 



9. A cloth according to claim 6, 7 or 8 wherein the strongly acidic cation exchange fibers and the strongly 
basic anion exchange fibers comprise polystyrenes, polyphenols, polyvinyl alcohols, polyacrylate, 
polyethylenes or polyamides having cation exchange groups and anion exchange groups added 
thereto, respectively. 

10. A process for the demineralization of water characterized by the step of passing water through the 
apparatus described in any one of claims 1 to 5. 
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FIG.1 
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AMOUNT OF IONICALLY INACTIVE SYNTHETIC FIBERS (%) 

FIG.2 



20 




THICKNESS OF DILUTING CHAMBER (mm) 



FIG.3 
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FIG.4 
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cathode chamber (5), 
CM the diluting chamber (81,82) having an anion 

exchange membrane (61,62) on the anode chamber 
O side and a cation exchange membrane (71,72) on 
q the cathode chamber side, 

Qj the diluting chamber (81,82) having an inlet 

(121) for water to be treated and an outlet (122) for 
demineralized water, 



the concentrating chamber (91,92) having an 
inlet (131) for water and an outlet (132) for ion- 
concentrated water, 

the diluting chamber (81,82) containing a cloth 
(101) comprising a mixture of strongly acidic cation 
exchange fibers, strongly basic anion exchange fi- 
bers and ionically inactive synthetic fibers. 
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